The structure of the zinc sites of Escherichia coli DNA-dependent RNA polymerase.
X-ray absorption spectroscopy is ideally suited for the investigation of the electronic structure and the local environment (approximately 5 A) of specific atoms in biomolecules. While the edge region provides information about the valence state of the absorbing atom, the chemical identity of neighboring atoms, and the coordination geometry, the extended x-ray absorption fine structure region contains information about the number and average distance of neighboring atoms and their relative disorder. The development of sensitive detection methods has allowed studies using near physiological concentrations (as low as approximately 100 microM). RNA polymerase from Escherichia coli contains two zinc atoms: one tightly bound in the beta' subunit, the subunit that participates in template binding, and the other loosely bound in the beta subunit, the subunit that participates in substrate binding. X-ray absorption studies of these zinc sites in the native protein and of the zinc site in the beta' subunit after removal of the zinc in the beta subunit site by p-(hydroxymercuri)benzenesulfonate (Giedroc, D. P., and Coleman, J. E. (1986) Biochemistry 25, 4969-4978) indicate that both zinc sites have octahedral coordination. The zinc in the beta' subunit site has four sulfur ligands at an average distance of 2.36 +/- 0.02 A and two oxygen (or nitrogen) ligands at an average distance of 2.23 +/- 0.02 A. The beta subunit zinc site has five sulfur ligands at an average distance of 2.38 +/- 0.01 A and one histidine nitrogen ligand at 2.14 +/- 0.02 A. These results are in general agreement with earlier biochemical and spectroscopic studies.